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Abstract. Spatial and spectral analysis of deep ROSAT
HRI and PSPC observations of the near edge-on starburst
galaxy NGC 253 reveal diffuse soft X-ray emission, which
contributes 80% to its total X-ray luminosity (LX = 5 10
39
erg s−1, corrected for foreground absorption). The nuclear
area, disk, and halo contribution to the luminosity is about
equal. The starburst nucleus itself is highly absorbed and
not visible in the ROSAT band.
The emission from the nuclear area stems from a heav-
ily absorbed source with an extent of 250 pc (FWHM)
about 100 pc above the nucleus along the SE minor
axis (“nuclear source”, X34), and the “X-ray plume”.
The nuclear source is best described as having a ther-
mal bremsstrahlung spectrum with a temperature of T =
1.2 keV (NH = 3 10
21 cm−2) and LexgalX = 3 10
38 erg s−1
(corrected for Galactic foreground absorption). The spec-
trum of the hollow-cone shaped plume (opening angle of
32◦ and extent of ∼ 700 pc along the SE minor axis) is
best modeled by a composite of a thermal bremsstrahlung
(NH = 3 10
20cm−2, T = 1.2 keV, LexgalX = 4.6 10
38 erg s−1)
and a thin thermal plasma (Galactic foreground absorp-
tion, T = 0.33 keV, LexgalX = 4 10
38 erg s−1). The diffuse
nuclear emission components trace interactions between
the galactic super-wind emitted by the starburst nucleus,
and the dense interstellar medium of the disk.
Diffuse emission from the disk is heavily absorbed and
follows the spiral structure. It can be described by a thin
thermal plasma spectrum ( T = 0.7 keV, intrinsic lumi-
nosity LintrX = 1.2 10
39 erg s−1), and most likely reflects a
mixture of sources (X-ray binaries, supernova remnants,
and emission from H ii regions) and the hot interstellar
medium. The surface brightness profile reveals a bright
inner and a fainter outer component along the major axis
with extents of ±3.4 kpc and ±7.5 kpc.
We analysed the total halo emission separated into two
geometrical areas; the “corona” (scale height ∼ 1 kpc)
and the “outer halo”. The coronal emission (T = 0.2 keV,
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LintrX = 7.8 10
38 erg s−1) is only detected from the near
side of the disk (in the SE), emission from the back (in the
NW) is shadowed by the intervening interstellar medium
unambiguously determining the orientation of NGC 253
in space. In the NW we see the near edge of the disk is
seen , but the far component of the halo, and vice versa
in the SE. The emission in the outer halo can be traced
to projected distances from the disk of 9 kpc, and shows a
horn-like structure. Luminosities are higher (10 and 5 1038
erg s−1, respectively) and spectra harder in the NW halo
than in the SE. The emission in the corona and outer halo
is most likely caused by a strong galactic wind emanat-
ing from the starburst nucleus. As an additional contri-
bution to the coronal emission floating on the disk like a
spectacle-glass, we propose hot gas fueled from galactic
fountains originating within the boiling star-forming disk.
A two temperature thermal plasma model with tempera-
tures of 0.13 and 0.62 keV or a thin thermal plasma model
with temperature of 0.15 keV and Gaussian components
above ∼0.7 keV and Galactic foreground absorption are
needed to arrive at acceptable fits for the NW halo. This
may be explained by starburst-driven super-winds or by
effects of a non-equilibrium cooling function in a plasma
expanding in fountains or winds.
We compare our results to observations at other wave-
lengths and from other galaxies.
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1. Introduction
A hot gaseous component in the interstellar medium with
a temperature around 106 K is expected to originate
from SNRs in the disk of spiral galaxies. The medium
might emerge via galactic fountains into the halo of these
galaxies (e.g. Spitzer 1956; Cox & Smith 1974; Bregman
1980a,b; Corbelli & Salpeter 1988). Supernovae and winds
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from massive stars in a central starburst might even drive
a large-scale outflow that can shock heat and accelerate
ambient interstellar or circumgalactic gas in form of a
galactic super-wind (e.g. Heckman et al. 1990). This com-
ponent (e.g. Cox & Reynolds 1987) was detected by Snow-
den et al. (1994) in the plane and halo of the Milky Way
during the all sky survey and in pointed observations per-
formed by the Ro¨ntgen observatory satellite (ROSAT).
Hot interstellar gas in the LMC originally detected by ob-
servations of the Einstein observatory (e.g. Wang et al.
1991) was confirmed in the ‘first light’ observations with
ROSAT (Tru¨mper et al. 1991). Outside the local group,
Einstein upper limits to the diffuse emission from hot gas
were determined for edge-on galaxies (Bregman & Glass-
gold 1982) and for the large face-on galaxy M101 (Mc-
Cammon & Sanders 1984). For the starburst galaxies M82,
NGC 253, and NGC 3628 however, Watson et al. (1984),
Fabbiano & Trinchieri (1984), Fabbiano (1988) and Fab-
biano et al. (1990) resolved extended emission that was
attributed to gaseous clouds ejected from the starburst
nuclei, with temperatures in the 106 K range.
Deep PSPC and HRI observations of the prototypical
starburst galaxy NGC 253, due to its low Galactic fore-
ground absorption and big optical extent, are ideal ex-
ploiting the ROSAT virtues (Tru¨mper 1983, Aschenbach
1988, Pfeffermann et al. 1987). The low Galactic fore-
ground absorption (NH = 1.3 10
20 cm−2, Dickey & Lock-
man 1990) allows soft X-rays from NGC 253 to reach the
detector with little attenuation. Pietsch (1992) reported
first results based on some early ROSAT PSPC observa-
tions. Read et al. (1997) presented X-ray parameters of
NGC 253 in a homogeneous analysis of archival ROSAT
PSPC data of nearby spiral galaxies, and Dahlem et al.
(1998) investigated archival ROSAT and ASCA data in
an X-ray mini-survey of nearby edge-on starburst galaxies
including NGC 253.
In this paper we present a detailed analysis of the dif-
fuse X-ray emission of NGC 253, characterizing in detail
the different emission components of the area close to the
nucleus (“nuclear source” and “X-ray plume”), of the disk,
and the halo hemispheres. The point source contributions
were separated with the help of the point source catalog
presented by Vogler & Pietsch (1999, Paper I). Galaxy pa-
rameters used throughout this paper are summarized in
Table 1. Our analysis is restricted to ROSAT data. Re-
sults of ASCA or BeppoSAX are hampered by the limited
spatial resolution of these instruments which does not al-
low the separation of the very different surface brightness
components, present in NGC 253. We compare our find-
ings with results from other X-ray investigations (includ-
ing ASCA and BeppoSAX) and with other wavelengths
and discuss the emission components in view of starburst
driven super-wind models.
Table 1. Parameters of NGC 253.
Ref.
Type Sc ∗
Assumed distance 2.58 Mpc 2
(hence 1′ =̂ 750 pc)
Position of α2000 = 0
h 47m 33.s3 3






Axial ratio 0.23 1
Position angle 52◦ 4
Inclination 78.5◦ 5
Galactic foreground NH 1.3×10
20 cm−2 6
References: (1) Tully (1988); (2) Puche & Carignan (1988); (3)
Forbes et al. (1991); (4) SIMBAD data base, operated at CDS,
Strasbourg, France; (5) Pence (1980) (6) Dickey & Lockman
(1990)
Table 2. Full width at half maximum (FWHM) of the ROSAT
telescope/PSPC detector point spread function (PSF) at 0.3
and 1 keV for different off-axis angles. Cut radii used to dis-
criminate against contributions of detected point sources to
the diffuse emission of the galaxy as given in the text can be
estimated from these values
Energy off-axis angle
(keV) 0′ 5′ 10′ 15′ 20′
0.3 38′′ 38′′ 41′′ 50′′ 65′′
1.0 24′′ 24′′ 29′′ 40′′ 58′′
2. Observations and point source analysis
NGC 253 was observed with the ROSAT HRI and PSPC
for 57.7 ks and 22.8 ks, respectively. For the analysis all
available ROSAT observations of the PSPC and HRI have
been merged. Details of the observations and methods
used to derive the X-ray point source catalog are described
in Paper I. The analysis of extended emission components
is based on the corrected event files and images created
for Paper I’ and on additional procedures using the ESO-
MIDAS/EXSAS (ESO-MIDAS 1997, Zimmermann et al.
1997) software package. While the higher resolution of the
HRI detector allows us to resolve the bright nuclear and
X-ray plume area, the lower instrumental background, the
energy resolution and the high collecting area in the 0.1–
0.4 keV band makes the PSPC best suited for studying
large-scale diffuse emission in the disk and halo of the
galaxy.
Separating diffuse emission components from point
source contributions is an ambitious task keeping in mind
the limited spatial resolution of the ROSAT PSPC detec-
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tor. To lose as little area as possible, point sources con-
tained in the source catalog of Paper I were cut out with
radii optimized to the point spread function (PSF) of the
telescope/detector at the relevant energy (see Table 2).
Details on rejected sources and corresponding cut radii
are mentioned below when describing the methods used
to characterize diffuse emission. To keep the uncertainty
low, the derived diffuse fluxes and luminosities are not
extrapolated for the full area in the standard procedure.
To improve the estimates for the nuclear area we use the
higher resolution data of the HRI (see Sect. 3.2.1).
The point source catalog of Paper I contains 73 sources
in the NGC 253 field, 32 of which are associated with the
disk of the galaxy. Though 27 of these sources are detected
with the HRI (some being resolvable with the PSPC), the
remaining 5 PSPC-only detected sources are most likely
due to fluctuations within the diffuse X-ray emission (see
Figs. 2 and 4 of Paper I). The area around the nucleus is
resolved into a bright, mildly absorbed point source (X33,
most likely a black hole X-ray binary) and a more highly
absorbed, slightly extended nuclear source embedded in
bright diffuse X-ray emission from the X-ray plume (al-
ready detected in Einstein observations, see Fabbiano &
Trinchieri 1984, Fig. 2). The halo of NGC 253 is filled with
diffuse, filamentary X-ray emission (cf. Fig. 1). While four
of the sources detected within this region are most likely
background active galactic nuclei (AGN, as suggested by
time variability arguments and proposed optical identifi-
cation), two PSPC-only detected sources (X24 and X27 of
Paper I) are most likely spurious detections caused by lo-
cal enhancements in the diffuse emission. X10, another
PSPC-only detected extended source in the NW halo,
might be a background cluster of galaxies, as it shows
a harder spectrum than the surrounding diffuse emission.
3. Analysis of diffuse emission and results
Several methods are used to characterize the diffuse X-
ray emission components of NGC 253. Iso-intensity con-
tour maps exhibit the point sources and diffuse emission
with high resolution for the HRI. The maps are split up in
several energy bands, however with lower spatial resolu-
tion for the PSPC. The images in different PSPC energy
bands can be combined to a “true” colour image of the
galaxy. We further investigate the emission components
with respect to spatial distribution (box profiles along
major and minor axis and azimuthal profiles for different
energy bands and the X-ray plume region) and spectral
behavior (e.g. integrated spectra of nuclear component,
X-ray plume, disk, and halo, temperature profiles of the
halo). In the following subsections we describe the proce-
dures used for the analysis and we present a first discussion
of results.
3.1. Iso-intensity contour and ”true” colour maps
The central area is best imaged with a contour plot from
the HRI data. We have used an image with a bin size of 1′′,
selecting only raw channels 2–8 to reduce the background
caused by UV emission and cosmic rays, and smoothed
it with a Gaussian filter of 5′′ FWHM, corresponding to
the on-axis HRI PSF (cf. Fig. 3 of Paper I and Fig. 7).
The image shows two bright point-like sources, the cen-
tral source X34, and X33, embedded in a complex bright
diffuse emission structure that is elongated in NW–SE di-
rection with a maximal width of 45′′ (560 pc) protruding
60′′ (750 pc) from the nuclear source X34 to the SE, and
40′′ (500 pc) to the NW. While the source ∼ 20′′ south of
the nucleus (X33) is a time variable point source (FWHM
∼5′′, see Paper I), the source close to the nucleus (X34)
is extended (FWHM ∼23′′ and ∼19′′, i.e. 290 pc and 240
pc in east/west and north/south directions, respectively),
with the intensity maximum offset by 8.′′3 to the SE of the
nucleus, possibly representing the hottest part of the gas
out-flowing from the nuclear starburst region (cf. Paper
I).
For the PSPC data, contour plots were obtained from
images constructed by the superposition of sub-images
with 5′′ pixel size in the 8 standard bands (R1 to R8, cf.
Snowden et al. 1994). All sub-images were corrected for
exposure, vignetting, and dead time, and were smoothed
with a Gaussian filter of a FWHM corresponding to the
on-axis point spread function (PSF) of that particular en-
ergy band. The FWHM values used a range from 52′′ to
24′′. In Fig. 1 contour plots are overlaid on grey scale im-
ages of the X-ray emission for the broad (0.1–2.4 keV,
upper left), soft (0.1–0.4 keV, upper right), hard1 (0.5–
0.9 keV, lower left), and hard2 (0.9–2.0 keV, lower right)
band, respectively.
Visual inspection of the sub-images reveals several
components of diffuse emission:
– Emission outside of the disk is absent in the hard2
map, and only present in the NW hemisphere in the
hard1.
– The soft emission in both halo hemispheres suggests
a filamentary structure that cannot be fully resolved
due to the limitations of the ROSAT PSPC PSF.
– The diffuse emission in the soft band in the SE shows
a flat maximum (projected distance of about 45′′ SE
of the NGC 253 nucleus) and seems to floats on the
disk like a spectacle-glass (diameter of 16′ =̂ 12 kpc),
from which two “horns” protrude (separation at the
connection with the diffuse disk emission about 5′ =̂
3.7 kpc) reaching into the SE halo out to a projected
distance of more than 7′ (5.2 kpc), being turned in-
ward. The horn emanating from the northern half of
the disk is more pronounced.
– The soft emission in the NW (extent 12′ =̂ 9 kpc par-
allel to the disk and 8.′8 =̂ 6.6 kpc in perpendicular
direction) is separated from the emission in the SE by
